tial to refine the referral process to minimise avoidable cost and to maximise efficiency.
The purpose of this controlled trial was to evaluate the accuracy, sensitivity and specificity of three alternative referral strategies: current practice and two novel strategies.
Methods
One half of all GDPs (n=112) in one district health authority (DHA) who referred patients to a hospital oral surgery department were contacted regarding participation in the trial. Forty four agreed to participate: 25 stated that they did not wish to participate and 43 did not respond. The consenting GDPs were randomly assigned to one of the three referral strategy groups. Homogeneity between the resulting three groups was assessed in terms of GDPs' gender, age, year of graduation from dental school and previous experience in hospital oral surgery. This information was collected using a postal questionnaire. Twelve GDPs failed to respond to this questionnaire. As a result the sample of participating GDPs was reduced to 32, an overall recruitment rate of 29% (see table 1 ). The three decision strategies were current practice, a neural network based computer program 15 and a paper-based clinical flowchart (clinical algorithm). The neural network was chosen as it had been developed by two of the authors (MRB, JPS), whereas the paperbased flowchart was chosen as it was a simple and cheap alternative.
The neural network based computer program
The Third Molar Decision Support System (Neural Computing Services -Version 5; Southampton) is a computer package incorporating a neural network trained to make decisions about whether or not lower third molars should be removed. The system consists of two programs that run concurrently: the Lower Third Molar Decision Support System (MODISS) and Neurun. MODISS forms the interface of the system and enables the assessment and recommendation to be displayed on a monitor. This software is linked to and assisted by Neurun, a trained neural network, the development of which has previously been reported. 15 Once the patient's clinical details have been entered into the package, it takes just a few seconds for the package to provide a recommendation regarding the need for surgery.
The clinical algorithm
The clinical algorithm is a flowchart, which incorporates the NIH criteria. 1 It was designed by an expert panel consisting of two oral surgeons, a GDP and a researcher with extensive knowledge of the criteria. The panel arranged the clinical criteria into the order in which they would be considered in a typical general dental examination. Ordering was transformed into a flowchart using Microsoft PowerPoint (Fig. 1) . The end points of the flowchart were advice either to refer or not to refer. The algorithm was concerned exclusively with whether or not third molars should be removed. Other reasons for referral, such as surgical difficulty, requests for general E fficient health services depend on appropriate referral of patients from primary to secondary care. Patients requiring specialist care in relation to their lower third molars are no exception. Whilst there has been effort to establish and validate criteria for lower third molar removal, [1] [2] [3] [4] particularly the recent report commissioned and published by the National Institute of Clinical Excellence (NICE), UK, 5 few attempts have been made to evaluate and refine the referral process. Importantly, differences have been found between GDPs and oral surgeons in their ability to differentiate between third molars which should or should not be removed. [6] [7] [8] [9] [10] [11] [12] [13] The average NHS cost of a consultation with an oral surgeon, not including radiography costs was £13.75 in 1994. Since, in one month in 1995, 76% of oral and maxillofacial surgeons practising in the UK received 8452 referrals for third molar assessment, 14 consultation costs in that year could be estimated to be at least £1.4 million. For 29% of these patients, surgery was not carried out, suggesting that expenditure of at least £400K could, potentially, have been avoided, assuming all removals were carried out appropriately. Apart from additional avoidable radiography costs in secondary care, this estimate does not include patient costs or GDP referral costs. These figures suggest that there is considerable poten-anaesthesia/sedation or lack of surgical competence in primary care, were not considered. This was the approach adopted throughout the trial.
The periodontal criteria incorporated into the flowchart were based on Kugelberg's periodontal risk index. 16 There were eight factors which, when present, scored one point each. The patient was said to be at sufficient risk from periodontal disease to justify lower third molar removal, if a score of four or more was achieved. Furthermore, according to Kugelberg, lower third molar removal should only be considered when a patient is 30 years old or less or when patients are suffering from periodontal symptoms from their lower third molars.
Several of the periodontal factors in the clinical algorithm were derived from radiographic measurements: depth of intrabony defect, sagittal inclination and follicle width. To increase the objectivity of these measurements a radiographic template was designed to be used with orthopantomograms (OPTs). It incorporated three measures together with a set of instructions. The template and instructions were printed on a reinforced transparent film so that it could be placed over each radiograph ( Fig. 2) Various prototypes of the radiographic template were evaluated using groups of 10 dental students who superimposed it on 20 OPTs. Each group was presented with the OPTs and was asked to measure and score (according to Kugelberg's criteria) the intrabony defect, sagittal inclination and follicle width for both the left and right lower third molars. No assistance was provided since the template was designed to be self-explanatory. Therefore, both the templates and the instructions for users were under scrutiny for reliability. The template was modified several times and re-tested until inter-observer reliability was greater than 80%. The modified template, which was used in the trial reported here, is shown in figure 2.
Prior to the commencement of the trial, each GDP was visited by one of the researchers (RDG) and, if they were required to use one of the novel decision strategies, they were given a brief training session (approx. 1/2 hour). During the visit, it was stressed to the GDPs that participation in the study must not interfere with their standard practice and that the decision-making strategies must run alongside, and not affect, their decisions to refer. It was further explained that, for the purpose of the trial, any patients that the GDP considered for referral should be included, regardless of whether or not the patient was actually referred. In addition, when there were a conflict between the decision made by the GDP and the novel decision strategy, the decision remained in the study.
Once the referral decision had been made utilising the practitioners' usual criteria, those GDPs using the novel decision strategies were instructed also to use either the neural network or clinical algorithm to generate a referral decision. If the GDP decided to refer a patient, relevant clinical data were recorded when the patient attended the hospital for consultation. If the GDP decided not to refer a patient, they were asked to record clinical data themselves.
Evaluation of appropriateness of decisions to refer
The gold standard used to judge the appropriateness of lower third molar removal decisions were the National Institute's of Health (NIH) criteria. 1 Two experts, one oral surgery consultant and one researcher, who had previous experience in comparing clinical information with NIH criteria, conducted the evaluations. The oral surgery consultant had not been involved with any of the trial patients' treatment planning. Each of the referral decisions made using one of the three decision strategies was compared with the gold standard and further classified as being true positive or negative and false positive or negative, depending on whether the decision had been to refer the patient to hospital or not.
The GDPs' age, gender, qualifications, experience and years in practice, the patients' age, gender and social class, the prevalence of lower third molar pathology and appropriateness of the referral decisions were compared. The evaluation of the decision making ability of each of the groups was established by calculating sensitivity/specificity, accuracy and positive/negative predictive values. 
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Results
Although 32 GDPs were recruited, only 20 GDPs actually made a referral decision during the period of the study (control=9; neural network=5; clinical algorithm=6). Characteristics of the GDPs are set out in table 1. The age of the GDPs ranged from 25-57 years: mean age was 41 years. There were more male than female practitioners. Thirty eight per cent of the GDPs had some practical experience in a hospital oral surgery department. There were similarities between the three groups in terms of gender and experience in hospital oral surgery, but these could not be evaluated statistically as there were too few GDPs to allow chi square analyses. The GDPs in the neural network group were younger and had worked for less time in practice than practitioners in the other two groups. However, statistical analyses using the Kruskal-Wallis test revealed that these differences between their ages (χ 2 =0.62; df=2; p=0.73) and primary care experience (χ 2 =1.11; df=2; p=0.57) were not significant. The trial included a total of 125 referral decisions, of which 66 were decisions to refer to the hospital dental service (HDS) and 41 were decisions not to refer. Eighteen patients who were referred did not attend their hospital appointment and, therefore, could not be included in the evaluation. This left a total of 107 referral decisions. There was a significant difference between the three groups in terms of the number of referral and non-referral decisions (χ 2 =36.49; df=2; p<0.001). Variation was greatest in relation to control group decisions compared with the neural network (χ 2 =26.54; df=1; p<0.001) and the clinical algorithm (χ 2 =31.77; df=1; p<0.001). In both comparisons, a greater proportion of patients in the control group were referred. However, the difference, in terms of the proportion of referral/non-referral decisions, between the neural network and clinical algorithm was not significant (χ 2 =0.29; df=1; p=0.79).
The demographic characteristics of the 107 patients for whom clinical details were collected are summarised in table 2. The mean age of the patients was 26 years: the majority were under 35 years (94 %). There was no evidence of a difference between the three groups in terms of gender (χ 2 =1.77; df=2; p=0.41) but, according to the Kruskal-Wallis analysis, the patients in the control (mean age=26 years) and neural network (mean age=26 years) groups were slightly younger than the patients in the clinical algorithm group (mean age=30 years) (χ 2 =16.74; df=2; p<0.001).
Collectively, the 107 patients had 202 lower third molars. The RESEARCH treatment planning Signs of progressive third molar resorption? majority in all three decision groups were partially erupted (60%) or unerupted (26%) and a small minority were absent (5%) or fully erupted (9%). The incidence of the various diseases in each of the three groups can be seen in table 3. Chi square analyses revealed that the distribution of patients with or without pathology associated with their lower third molars varied significantly between the control and clinical algorithm groups (χ 2 =10.95; df=1; p=0.001) but not between the control and neural network groups (χ 2 =1.46; df=1; p=0.35) or the neural network and clinical algorithm groups (χ 2 =3.59; df=1; p=0.1). The principal difference was that there were more patients who had disease than those who did not in both the control (87%) and neural network (77%) groups, whereas almost half (47%) of patients considered by GDPs using the clinical algorithm did not have diseases associated with their lower third molars.
However, the distribution of correct and incorrect referral decisions did not vary significantly between the three groups (χ 2 =2.78; df=2; p=0.25) ( Table 4 ). The two novel decision strategies made the same number of true positive and false negative decisions. However, the clinical algorithm made more true negative referral decisions than the neural network and the neural network made more false positive referral decisions than the clinical algorithm.
The control strategy (i.e. existing practice) was the most sensitive and accurate of the three decision strategies. However, the control practitioners were also most likely to refer patients that did not require lower third molar removal (Table 5 ). Both of the novel decision strategies had the same level of sensitivity (0.54). However, the clinical algorithm displayed the greatest ability to detect those patients for whom, according to the criteria, lower third molar removal was not required.
The predictive values suggest that 90% of the decisions to refer made by the clinical algorithm were correct. Conversely, the probability that a decision not to refer was correct ranged from 0.6-0.7 for each group, with the control group having the highest value (0.66) and the neural network having the lowest value (0.61).
Conclusion
The control GDPs (who only made decisions in the traditional manner) were more inclined than either of the two novel decision groups to refer patients. As a consequence, these GDPs referred a number of patients inappropriately. In contrast, use of the novel decision strategies, particularly the clinical algorithm, led to fewer unnecessary referrals. Conversely, the novel strategies were less able to recognise when a referral was necessary.
The majority of the control GDPs' referral decisions were correct. However, as few patients were included who did not require lower third molar removal, this level of accuracy largely applied to decisions to refer, rather than decisions not to refer. This also explains the control GDPs' relatively low specificity values. Taking into account the proportion of patients that actually required or did not require lower third molar removal, the control GDPs were less able to predict the need for surgery than was suggested by the sensitivity values and better able to predict when a patient did not require surgery than was suggested by the specificity values. In contrast to the control GDPs, both of the novel decision strategies were better at detecting patients who did not require third molar removal than detecting those who did. Both novel strategy groups' level of accuracy was lower than that of the control GDPs' , the clinical algorithm being more accurate and more able than the neural network to detect those patients that did not require lower third molar removal.
The effects of inappropriate referral decisions at either the primary or secondary level of care have yet to be measured. The result of a false positive decision is that a patient will be referred and will probably then attend a hospital oral surgery clinic unnecessarily. This inevitably causes the patient avoidable costs. Edwards 17 calculated that, on average, a consultation costs each patient £10.96. This takes into account travel, parking fees and arrangement for time off work/studies or time away from home. There are further implications as an unnecessary referral could, potentially, increase the likelihood of unnecessary surgery. Conversely, an increased rate of false negative decisions could lead to avoidable symptoms and possibly even avoidable loss of a second molar in the case of failure to detect distal caries or periodontal disease mesial to a third molar. The importance of this is open to question however, since diseases associated with third molars often give rise to symptoms that lead patients to seek help. Cost-effectiveness analyses have supported a non-interventionist approach for patients who are disease free, from both health care providers' and consumers' perspectives. 4 This study has attempted to provide evidence that could be used to improve referral practice. Whilst some methodological problems were encountered, particularly a reluctance on the part of the GDPs to participate and the patterns of referring behaviour of each individual GDP, the control GDPs made few inappropriate referrals. However, when GDP referral decisions were incorrect they usually resulted in patients being referred unnecessarily. The opposite was true for both the neural network and clinical algorithm, although RESEARCH treatment planning Radiographic template Intrabony defect · Place line A on the bone crest, distal to the adjacent molar on the radiograph · If line B lies: a) above the lower limit of the bony pocket, score =1 b) below or on the lower limit of the bony pocket, score=0 e.g.
Sagittal inclination
If: the mandibular third molar is disto-angular, score = 0 Or: if the mandibular third molar is vertical (no angulation), score = 0 Or: if the third molar is mesio-angular, follow these instructions: 1 Select the diagram that best represents the angular relationship between the third and second molars. 2 Score according to the numbers beneath the most appropriate diagram below:
Tip: Place the template over the teeth on the radiograph to give a clearer indication. Pathologically widened follicle · Take a measure at the most widened area of the follicle. the clinical algorithm was generally more accurate. The computer-based neural network presented a number of problems both in the appropriateness of its decision-making and reluctance of the GDPs to use it, particularly older practitioners. The latter might be overcome in time as computers and computerbased decision aids become more widespread but this trial suggests that this method needs further refinement before it could outperform alternative strategies. Low GDP response rates to approaches to take part in clinical research are not uncommon. Recently, Renton and McGurk attempted to evaluate a novel referral approach for day case oral surgery. 18 Of the 200 GDPs they approached, only 12 actually participated in the study. This was attributed to poor marketing techniques, time constraints and medico-legal implications for the GDPs. The overall inclusion rate for this study was higher (18%), which may have resulted from the visit by a research worker (RDG) to each practice, which provided an opportunity for discussion.
On the basis of these findings, the clinical algorithm combined with existing practice is the best option in a general dental practice setting. This is the case both on the grounds of accuracy, sensitivity and specificity and also on the grounds of practical implementation. For example, the algorithm can easily be incorporated into a standard referral letter. However, since use of the algorithm is associated with a tendency not to refer some patients when surgery is justified, regular review is important so that this small minority of patients could be referred subsequently. Further research is needed to establish if less complex, but equally or more efficient versions of the algorithm could be developed, perhaps by removing the periodontal index and, therefore, the need for a radiographic template.
